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I, immmmmm 


W'Mimmef' piipos# oi ^^ast®«**wa%eje ia ^ ptmmnt 

4«grs^a%S®» of jroo#4^iiig wafeor®. h fii-^t irieiiidiia® »®€S0i>» 

iftary troatraettfc 1® opodficaliy aft®igne<3 to oontrol the ^autity 
of #j?gEa»4.e. oailsott Sm it# effloeat# Otheie ©oiifjoixetit# wwaa as 
ttifeit^eil &M. phoipl^ipotxs ar® onif sli^tiy af£ect«<4« Ifh©#® foilo- 
taut# not alwa^f# cwmse 4®teii.oirfttio{i 'in i:©c!«ii‘#tnf iiabeir 
iit:sf« i^evejr (lisfiiai::^®^ for a long tima (tr in mmm»* such 
as waste from a fertiiiseir In^stry^ result in stimlation of 
hiologtcai activity in the r4®«seiTli^' -water omsing oojateem to 
sanitanY engineer Cl) (2) • the pieol>l«» of disl?o#ai of fertilizer 
wa#t® is asstcmlng wide interest ia our cmntry heoaus® of in©3WN» 
asing^ eatatoiii^ent of fertiliser footorie#. Mm the tropicjal 
olimate of India is ideally mttmd for si^atie plant growths 
partimlarly algae# discharge of these wastes csontaining large 
cpantities of nitrogen into natural water is tjeeoming an ever 
inoreasing prohlM* i^aoCher matter which should be evalmatedln 
©oosidtering any individa-al ease of trsatineat of waste prior to 
admitting it to a stress or other body of water is balanoing 
the benefits fasom proteetion water <|a-ality againft its cmsb 
to the waste prodnotion# 

fliese are three well recognised Ills resulting from 
'es&sessiire plant growths in a water body or entropMoation* 

These are (a) Mgal toadLoity Cb> hsthetlo deterioration of 
water <|uality resulting in costly wter treatment operation 
and Ce) itoild up of aiochemloai Oxygen Oeniand of water (2)# 
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Thm o3i£jrg@ii diesiainiiai nay l>@ <iaa to a laiiga eocM3aatr&*» 

tlon #i aifaJl »ii« wliiofe if^Npiga oa^gea foir icisssjtse’atloa faring 
dai^ tscHirs of tli« day* Stiua larg® ooaeeatii^tioa of aigai c&l'l» 
pm^mm i^osaatmratfoa ia tlie day 3.i#tt hcmx^a aad: oaiygaa duf** 
lefeioft at aig^t.* ‘ftieaa «ra #xtipe«e» o£ aaviroweat and f«w lives 
toletate iwcti gpioie <^ng©B to eati»t@s# either »oviagi from 
til® area if posBihl© or beiag hilled* ihis eitaatioa* however* 
is not as %>ad as that resulting imm the death of algal crop* 

Mm algal orsjp nay die tmsm a to:aie level of sw^feafoolites reaeiied 
fey its own activity or dae to its sedimentation fro® th® photic 
aone at high concentrations* A dead crops heaves lihe deccnpo* 
sihla organic natter and therefore ersrts oxygen <teaat^« hitsr* 
ature concerning finhries contains suany insts^ce of fi@h hills 
das to sndi «»^;xlition W « 

la the nitrogenoias fertiliser infbstry a certain amcwint 
of nitrogen imrarisitoly finds its i!#ay into the factory effluent* 
Such effluent contain free aaisonia* asanoniuiR salts and sc«e 
ti»es also nitrates# all of which are undesinifele in riwir 
vater feeyoial a certain wnentration* the fortaer two are haim-' 
^1 for i»j»al fish pHSpulation -idiile the latter in 'high c»a« 2 en* 
tration siahes water nonpotafele* i^itrate o>ntsnt in drinlelng 
water %diea 2# mg/1 of nitrogen interferes with the 

transport of oitygen free the lungs to hodf tissue and tsause 
a eondition #i» infants imam as roethoaioglofetnswia (41 • there- 
fore with the introduction of fertiliser industry effluent the 



liaas ffdi4#«iilf 'imtdb^oiOQieil od# of major ii^r&aiaioo of 

4i.if«r«i»% flhf® 3E»<|*tre® ©s^^arlelonof pre»#ate plants ©r 

modificatioit to prowi^ a differoot of tr«a<a»®iit* Ji® 
«»»inroot.io&al troolwoot cm not elominoto Mg!) 0000* 

oiitiratioii of {litrogon^t 
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FIG. I. MAJOR NITROGENOUS FERTILIZER PLANTS* 



AFTER 


MILLION TONNES 


FIG. 2. CONSUMPTION TARGETS AND LIKELY AVAILABILITY 
OF FERTILIZERS, AFTER S. LATEEF (s) 
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tm2 ^ifei»g»ti Riiiiiogtia. Ilcgteli0«i» 

witlh til® of ea.flK«i oxfgm ai<tfaf«ii 

is the iftost pjcweiessEfe ©ieroeet is sigse* Therefose the*® is s 
sstuirsJl iseiioaties to xegsiPd it ss tMm fm&t lagiosX peii^ 
of attack to pwesest tnmim fsmr of so oligotro^hic |j&ea to 
Mtsotc^io Coavestiosal pethois# hi^tif 

effeetiire is twrooiriog 80 to BOB and sospeoded soli«ISf 

aot ooianallf mm>m « 0 €mgh o£ the oitirogeootts peiiataats 
1^*148 ieqaiiw® as^atsioa ©£ pma^tupLlMtta or TOdiflctetioo to 
ptowide a differeat tfpe of treatroieht* foliowittg are tlia 
ffiethods- :«if mm of mm be a»ed for aitisoges. rworal 






iml tim 

(1»| Osddsitioift Fond 

<€^ ^monim stslppiiig aiadl 

(€1) liitxl£i«i^lo»i • Dealt slfiea'tiot) 

2*3*1 iKlttificatioii * StePltgtfiaatloB 

£llti?ei^eii ema !»# £WH»vei fi^inR eoste w«^®r lif tite progre* , 
ii»ii» 3»iol.<>gl©«l ©idtSatlon of altiogoa cKjBtpmiidii to nitrites 
so# nitrates followM toy oe^v-^rsion to nitrogea qm* tliis tiaa 
stag® procses® t©ro«4 nitrifie&ttoii » denitrifioatloa iowslyie® 
aerotoio and aaaerotole toioXogioai -stages* Hlbrifioatioa is 
typioally actjievod in m aettv^ted »ln<3g® tank Iqr ext®a«aiiig 
% tto® taonaX areation ti®*® and toy ott^loylsg lower ratio ot SOD 
to isias li^or soipeaded' solids ClO| ttian in -con^ntional design* 
D<tiit.rifioation msnlt® froci' fatailtativ'e toaoteria utilising 
osygen from ttoe nitrates or nitrites* Sinoe ttoe nitriJled efflit* 
ent is de£ioi«»t in eaiten* ttoi® state of treatfRsnt reqnires 
the a^dtion of an organio siipploment as toydrogen 

donatio sotostrate* t^e denit si fioatton sti^ may toe aoltieirea 
in a separate tank witto maeSsanical raiadtag and toy develc^i*^ a 
popili^ian of dsiiitriffii^ organiiHis* 

^e itoot ttoat ttoe pmmmm of nitsifioation « denitri* 
fioation toawe toeen gait® ooimoaly otoi^svod in saiHfc«*»ter treat'** 
misat plants enoonrage® ttoe n*e of tlits psooe®® for nitrogen 
removal* One of tlie early «tadles of nitrlficmEtioii and denitri- 
fioatioB was toy Sawer and Bra<3te«y Cl«J i«aiile ttoey war® twesti** 
gating a rising sludge protoles* Considerii>l® pilot plant work 


hm lieBU 6mm Ir ©ffortjs to litilie® tli® deBittifioatia*! p«kj©®« 
im tli« wiiioiFBi. #f BtttogoB* Til® first pilot plmt mtk mp&xt&d 
wm tJbat T&f €hiisti«s»oii ®t al i%$} in d®scril>l»g 
ti>: jswdtsc® nitrmt# i3oiiir#fitx:ittio& frans m iiidtistxial wants proM* 
csessw Tlioy tri«d ehsailiaal lasfeliod® without success m6 altlroa-* 
tsl3f as«ft Moioficsal msaeis of doBltrlfioatit!^. th«e^ d@v®lQ|>®<| 

OB iiBaorc^ia aotlwatod slodg® osilig tlio titr^ss in tli« waiito 
«» a .soul scniJEO® of ojcf^oii and eom®<p^®ntXj nitrogen was 
lost ^ denitfifiOBtion*- file slndge th&f demlnpm was graiwlar 
and #£ a low slndge density indeac* fli:ey meed iRetliaiiol as oaidion 
soiiroe* 

tsmirwann Clil reported the loss of n4fc.r<^en denitrt** 
£ioatian« lipiireann tldl in his cKintinu^Ris flow test reported 
ttmt m doeestie waste waus treated in m oonwentional aotiyated 
slddge aroation tanlc followed ty an anaepoMd denitrifieiation 
unit aii^ a fi^iml settling tank* -He provided, ariation tlwe of 
l.«1f to 2*2 tir« and provided, suffieient iidiied ligder iHolids^^ i 
H MglilY nitrified miaaire was detained and stirred 
onaeroMoaXly for 2.2 to 2.»i liouss to olitain denitrifieation* 

Mm did not ir^oate tte a^ldition of any raw waste to tlMr 
denitrifioatioii iinit* Influent nitrogen oonoentration were 
20 to 25 isgA and ef£ltt«tit oonoentrsti^as were 2 to 4 sig/l* 

g^eral flow 'ii^agreas wtiali have heet: used for dsnltri* 
fiomtion pmmm are pres^ated. in fifufe.<r. 3« 

The How pattern siwiwn in diaim h wm used ly 
liuhxmann (1?) in resowing ^ to 3oii» the inoosiing nitrogen* 



BmlmiXlf it la tli© c» 0 WPEtioa«X aarfei'wated aiwiga jjroeaaa wiidte 
« wla 0 »«i ilwiifeiri fixation taoslc pl«B8» iJfettKjawa tlie 

ajcaatloa and tlie tiu&X aefetllag ti««flca* 

aiagraiB S iawluaa a daoitrlflcsafeloii ptwaeaa «ra.tiJ»ly 
■ f »» altylflisatioa# Ib na&i^fe lagr '3S»Ji»a©B and 
ill} ipp*x>3dtoafe©3.y ijwo thtzA of flw 'wwa fefwatad for 10l> i»BOiraX 
IB tile •©onveafeloiml actlvatad aludge plaidi ir®iR«inl®g( on® 
%Mjsd mm a%«l>ll4»fd In m«4% mtlllitlntg ndferataHotBjeogim. 

Mag xw® C iaitoli*® a BmdLmxohie aefclyatiNa aladga pjco* 
eess utlllalag dealt alfleatlon for the. alamlRa^lon of alttogen 
f roBi waate water aa tiaed hf liadgao and Ettiuger C IS) • 
ocmnNaiitional araatloa tank waa dewldad lot© two coB^artaiaapita 
mta aramt<^ and ©a® atlrrad methaaloaliy* Jk baffle aaperatiiig 
the tiia cioi^arte^ta peixaltted reel rotilat lot of alodge froo 
th® araator lot© the deoitrifieatioii a®At through a ©lot at 
th® bottoia# and back to the araator over a weir at the togp. 
sitrog««j reaoval varied tmm 5iO**.75 peroent aodar a raage of 
ofenkli^ ©oodltioBe.,:. 

haltrlck i%9) aaed the flow pattera aho^ la dlagxaia 
& Mic removal of nitrate from an iadoatrial imrta« 
planed denitxlfioatloii oalt prior to <^0 areatlon unit and 
obtained ooi^lete deiiitrlf!ioatioii%. 

2p4i 9w&mm of ihmitrifloation 

the tem denitrifloatloxi ia aonetlmea cN>ii£died bf 
nitrate r«dxotion.« Mxf prooeae in tdiidi lei organlant taken 
nitxrata or nitrite from the mirroonding o^dioatt roditoen thin 
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o»3fg®9 iiPitoitiott ©f doisiferlficafeiofi raacfeion to® 
tocPsraiii atid iiasp^sn® (24) ii^oaiad tlisto depitri^iioatoii}® 
took piao® onif in %to# stosoaoe ©f timm -mm mm&xmm 

oonfliotii^ foports on tto® iii£io«ii<os of .o3^jjff«ii« Host morksss 
agro® tliat oygfg^a doss ishitoit th@ rad^tio® of- tiitraps and 
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M#iicl«J«^fi (31) atudioa t^ ofianiaon# of tlie gecnis p^amidoitionaa 
i$i« olaiiti^ {iPiiitrifiotl a«i»Misolly# an«l olnAlar csfensr-- 
yatlo® airo f«po-*t«M3 ^ KOirsa^olsov# (32) « 

Hoofesno-r aM ■mmiwmm (33) tiaa ®i3©ia» mmiMtmhXm 
vairtation in tlio miliMf of a nwiieir of «traiii» of ItmatmTim 
to oao8« #o£iitidlfi«ati 0 n at fiigh mmmntmmxm of MooolvoS' 
mss^mp 
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fot ^Sotiitrifioation vaacios i#it)i tiM 
orgraiiiioit oozioainnoO* Karlooit (34> dhmmmmd tiitt i^«oo4c«iboim^ 
oiiagogiiiogo 4.m%^wi.£f at Hiyd^rogao miMseotratioo 
fjpom -gM S*S to 9*2 wittJ an c^timm valuo betifoon 7.0 «odl 




nfe ft EWffttfftl, pK* Hft ob»enr®S tltmt aftsove pll 7»3 

tli« iSgp gw mmlv«A was fairtteir 4®ai;€ri% 

to ftitrogaii gaft* 01 & ®ii*3 7 m9^l mmlutixm &£ 

|l*s waft wtS at ^ S tlift of lijO mm 20^ w&3e& tJNst 

total 8,tt»^'«a# Mifeitooict^lft was also mM fiattlwnr 

ilftaitrifled# baft not m xmpidXy &m Whrmaim and f^assfesaner 
i3§J in tbftir ftfcftdiiw wttli ipii^ijUfta ftl.gginiwajBis liwft SfwswN* 
trated tliftfc ©i£fgi» acsfes m m iiabibltor for nitrita wa^tratioii 
at vala®« abow $#8. i*ltb !^oi»a«ing tii© <d®fcilffi3«*tai 
©ffftefe of coOToii 4«»ai>i?©ar»* 

2m4mZ#4 Bmtm of asftgjy and eai^oii 

l>©nitrl..ff©rs rtgair© are orgafiio aobstrate to mxvo 
m a mMmm of i»i©i^ and easEl»n for op prstaplaftBi# 

file ©ffixtent Iron a nitsrific^loii tan}!, fgi in mmlly 

fturodiflibl© diseolved wlii<fi oonM 1m ofted m a sei^ir* 

ftfcioo ftotefttjcmte liy the oindg© orgaitiiaftft* *3?lii® stage of treat*- 
;n^t tliereforft rogSiroft aiiaitioft of m organic empplement ill} 
UaHi3)* 

liDitiftftnm i%0 in |$7| bis rec^i^ study has gtowfi 
thm iftidftfftftoas wmmmm® i®at©riftls in l»wtrift mm rn^lw 
ftftffiiiieftfct tO' isiaintaift tb© rei^iratiott of tfe© netit'afeod 
siadg© iintll.1, all fttailabi© nitimt© or nitrite i&m are 
redoQwd* B© fartiior iiotie<^ that this p©:riod of anaftralsiosis 
does iiat haim any hamfiii effeot os tit© ai^vity of aetivatoii 
sindge* lie eonoltded tli«^ it is not necessary to add «c$y 
ftcft^^oociis soure© of hydrogen donor to the ilc|aor» 

i#i©rft as :>a90ftiM and Scdiroepfer iiil obsermli tlie^ 


it 


raisririii »iti3og«ft hf aeiiitfificattoii Is® ptaefel«!aiiy 
witliait ttia aaaiticm &t mat wmtB m m 
mmMtm or oX®cl;rso» donor* In tluo s^neno® of organic mibotraito 
tti® rtfc« i® vary slow* Me sliowad that a ratio of oscygea 
rosouroe® to 0 day S02) in tfea mw mmta of i^proKiroatoiy 
0*8 reauJltad in ( 0 £»#iet® doaitsei float ion* 


a*#*S Orgatiian Gapj^io of llmit.cl-fioitio«i. 

i<.sftiEi« owBi^r of i^ooioa' of wld©, yari'Oty of organlfim® 
ara ieie^a3>Xm of donitrlfyli^* flieaa can Ih® eiasalflod faoaia* 
ti'ya In tlie sen®® that they are able to snbstltato nitrate 
or nitrite for oasygen a® hydsiogen adoeptor* ftie daaitriftars 
studied by sQayc^ and buijotit ClO]^* ’^ii»» 9 r«^l«y (XBh Btttnl 
sand iiiitsor I3t) ^Mro all non**epO'i» forming organism® of tha 
gonora Pseudasionas* Hiorooocoi® and spiriliw* bioyd C40) 
eite® i®or® than iaxty organism® ^hXdh am capabl® of d^itri** 
£ying« B^ijerlnclc and Miruskmann i2i) obsonrod danitrifioaticsi 
by aoroMo «po»© fomi*^ rools* ©feiior ifoikor® mportod upiOk 
on dealt rifteafcloa by yarioo® “bacilli* Bio«t of tb« probably 
»®:outoncnadn . Wakmm i4ll iaolatod ti«o organiiK® ooMly 
P®:* gyocyanea pm«fec!ing ^2 and the other ‘ ,gi.,.Ifc||te8««l 


forming mainly 

A species of Jkdir 


icter deacribed by Umatt (421 


is o£ interest* It reduces nitrite to nitrogen gas but is 
|nOjSlpaM.e of .radnoing nitiate* 



IS 


»» mtotmphjas in teij«jdl»«k 

| 4 i) wiMh &I14 09 Ci<iat.iosi 0f mlittxr 

ISFf tl$|gte>ii4.ll\aa ^iwftj-fcilficaaa itii<l flil^aaaadllltts * 

Kla^fimir «ad atoowad iticarocoeeaaa 4 ®Ritri£igapa 

%}!« ai^«cia« of niksmta^; 
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3 SCOPE OF STUDY MiO OBJECTIVE 

•S^tmsou mA SdhEo^fer (ll) sflanaaBO (3t) , HaltricSi C I9) 
and others shewed, high potential for adopting hiological oltrt- 
fleation-denitrificatloa as a foeans of reRMwiag nitrogen Iron 
the waste, i^ereas the study of Johnson and Schroepfer (11) tuas 
confined to the ransoval of nitrogen concentration (30 h^/ 1 of 
nitrogen) slightly richer than present in dcm^estic waste, 
liuhrmatin reported a nitrification^enitrification systee 
jPiita^le for r^Eowal of nitrogeii upto concentration of 
3CK} isg/i of nitrog^ and IfaXtricd& (19) carried out success hxl 
denitrification upto 400 mg/1 of nitrate-nitrogen concentration 
by placing the denitrification tanh before the actiwati^ sludge. 
However the beetle aspects of the denitrification process for 
high ooncentration of nitrite and nitrate are still to he evalu- 
ated. Bueh %»rl& wmild he usefnl in designing and operation of 
treatment systens for wastes containing high concentration of 
various foms of inorganic nitrogen. 

The ohjective of the present Investigation includi^ 
the following two aspects* 

(1) Growth yield and rate of endogenous respiration of 
inicro-org»ii» in a denitrification system * 

(2) To verify the kinetic eapression currently used for 
descrihlhg growth of micro-organism in a single limitii^ 
substrate system for a denltrificatton system having two 
limiting sahstrates i.e* a source of energy and carbon (organic 
matter) an electron accepton (nitrite),*. 



4* Ai© Hmmm 


4*1 ‘l?li®oiret:ieaX Baelsgrottsd 

4*i*l QcoMfth md gedo^eBoaiB Respiyatioft Ratec 

MoiKfcl C44| p;n»po&i»dt tliat at giv@n mi& fi¥«& 

ttnaer cp.cditi®ri th® of Ibaofeojdla 

proauioed pm ’siioiglit of ootrioot ottilisod ie ootustaot* 

Tills ^|is« "^m ®ieto« oosilosoi maoif otiioxr siiciroMologist ttsiof 
irarioa® oxgamlsm* astd mibstratos# Tti© rolatlooitlilp iRSf be mepm^ 
ssM as 

' t m .a-ra-'-s .* *. Hi 

wsigbt of es6«stlal nubrlesb ' 

^siro T is tbs ylsxa const mt and a djUnonsicsiless xiusdior* 

Hosair C45> mxmg otbsrs bas omplo^fod tlis mtm mm^i^ 
bf' es|)tsssliif this as a diffesentiai oration* 

d K '** *• T d s *• * • H 

urhe]:® ac is ooiioant.3ratioii and « is .pa^tiesto 

eonosiit ration* 

Sndogsncaxs 'xstspisatlon rat# Is dafinod as tb# rat# 
of ox^sn utillitatlon Ijf a cell for osldatioii of its osn 
protoplasoi* TMs ®f feats tb# s®t yisid^ of iitoro-ortaniss# 

Its #ff#et oan b# included bSf writting otiaatloii 2 as foiloirfsi 
d X » w IT d s K© :«:• «• i 

tidier# Kn is tb# endogenous respiration -rate constant as4 

represents average c<mcentrations of tbe inicrsN-orgawdsn* 

Tbe iadiove equation can be reirrittffn as 
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©yid@iitly a plot of and wiil mmXt lo a otraigtit 

line, ■tim vdlm«® of slope aod intoiro^pt with Y a»l# of tlii» 
liao will la® e«|ijal to Y and jcospectively# 

So til® pjrasoat stA&Y j^oaitirlfioatioB dYotoo oem»«» 
ists of t%K» solaatiratos nm^Y olootxoii aoooptor aad 4^0007 
CaitTit® iHSid pulton® TOopactiWBilyl # TtiorofoT® ®»!di fwantti 
yi®M aod '©Bdogeiscsifi i»»pi 7 attoB rat® constaiat® ictll mmmm 
two aiff@ 7 Mit w'ttlmm* SciaatloB 4 for 'cis« two oa#® em hm 
writtoB aap 


«ad 


dr... 

* ♦ % 

ds 


# # NP # $ 

dr 

%r 

iH HTg 

ds ^ 

.S|V 

* m. ^ 


dac 

^522 

w 




mmm soliseflpt 1 2 deoot® constaot® fei7 «l®csfeiEoii aocsqptot 

and donor TvspootivolY* 

4.1.2 KiB«fci.cg of SttOstrat® Retaoiral 

A growtli rat® ocpatioo for m ^ 

Isf difformtial ftcpatiotii 

|4 31 * « 

wto®3» ^ i» the spool fio gicowth rate coostamt md liaii m 
dfitteosioB of tin® inverse. 

Hocod i4t) was til® first to not® a sistpl# emperioal' 
relmtloiniilp Octwe®® tlse speolfio growtli rat® oojastant wd 
til® eonoent ratio® of an essential oatsioot. H® deserHaol tli® 
relationsiiip witli a bypertoile function siailar to tli® Wieilia- 
olies Mention eqiaatloB nsM for descriMng miaifiae snlastrat® 
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■#* 


■ m m§m. 

y/ffl«ix is tJi® Siaatimw vain.®: of g*wfeli irato eou«fcMife sad 
Kg. is tlio iAtsutaitiom also tmimm m& Hioltaeiias Km%m 

1% i« SOSO /^«mx is t;ti 0 mmiMm iraluo o£ 
mf at- infioit® «ul»sferate <!«mo«ot*mtio» ( 8 i»8 

lt«i» a ^jjoocisioa of tiHRO io?r#£»@« Tiim sMtuiratioii Constant oao 
&« atatst siathSBiatieall.f as foilowt 
% • im %^©a jU 

!•«• it sgftiai® the ooooeotxmtiofi of substrate# at 'kii\l‘(s8i apoelfie 
g.i?£iwth rate i» half the oaxiaaim grosith rate. 

for a aeoitrifioatioo eysteo ia t»o satoetrates 

mm rate iljiitiiif » ttie f roiitli rate eao iQie es^reased. as 


ot 




#■« 




f 


eabetitatiag tlie ealmee of md aeooriifig to 0«pafei<m 3^ 

& 


" ^ "“1. fefSJ t‘ ’^3 



#■# ■*# 


id 


Tttm a3ao^ eeiaatioti integcatee to 
% « 


l« 

» 


MS S, 
l« - »* *> —■ * 


a«s sjo s 


la 


fMiS Sj^ 
f«k8 


1 


»i 


^ i*d 


t 


I * ii 


i^ere and S|^ is the aitrlte couteatratioa ioitially md 
at mt tiiae t, «ad « are the ooaetsate 

mxpmmmmd am helon# 



m 


h ak 

Ji ** 






IS A 
11 to 


Q m A Kj 


.## 


II A 


o . /^'-SsafSsa. *- 

*i ^ 

% m p maxi ^ max, 

■r - D*ssio 

^ IB ^ , .,^it 

H f 


m m 

m'm: 

il d 

#* 

m m 

II m 

mm 

m m. 

11 i 

#■# 

m m 

11 g 


«ad la and M mm Tm avaluatad fxm tine folXoMing iDtlmtio&ahipat 
Cc ♦ s Kjj m h f 4^ m. A * m {mw m m} ** il % 

B f» •.* 1 . ♦ M a iS B B . ** Hi 
E«dai;i0iyiaip l>aii#@#ii eiid S| imF ^ aa 

Sg • ** • * • * ^ 

AXm ilie a<|txatioik ior p^ptton® xaieusval can Ha tiirltHaii aa 


H » .«* 


il 

II 


Id 


A4B 02 
jk4B 02^ 



, t*l S2 

in -ywyw-yiap ^ *. 
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idiaae 5]|0 ai^ S 2 papitt## dopasHo^ration iedtially «id 

■m% mif iljaa %« Tim iraXmes m£ aoaataata and B 

a«« a« ea^iraeaad iilK>ve ae^ mm He obtain ixf aal»6%it.itt.iagr 
B|€> for Bj^ and idr @ 1,0 in tita «^atio«ia II a to II £* 
Xn oxdajr to faeiiitata the airalnai^ion of oonatanta 
in th« oblation lo ti#o a«i>erat« oaaaa isay Ho ooiiaidiiaeiiS i»a« 
iflim aleotrdit donor ia in eaeeoaa and «di«n the aiootim 
aoeaptor^ i« in mmmmm: 



m Ai % 

^ • / mmi 




U 


Eadi o*£ these sq^aatimis Isvol^e tim wwtmtm 
/^.mmi /^mm^ sisd Ksj, Ksg • these ©as l»e mAuateO. 
£sjr s hstcfe ttiltar® hy the girisqpMcsl wislysis glv«o 

hy G:st#s iiairl.es i 4S^ end smssssi^ssS ismimm 

fi^a^iss f# ais s siRgle sabstsste* os tstegratios 

fleMs 


.lat. 


m 


is % • ^ SHE t * 


♦ m % 




ss 


ii0mm % ssd 9% «se nicco-oirgasiMos eosi^stsatios IsitiaXXy 
ssd sites time t* 

Usasswegisg eqsetios I.S 








i#mg 

%+if% 


is C 


i 

t 


le&m 

islte 


i# m. 


rso 

r%=^ 


t # 


♦' #■ 




^p|j^ 4w.. 


m 


'O 


ifc ^ ^ 

S • JSj* 

i» «s 


s ** 






i4Wg 


:# H ■# « 


#♦ #• 


IhS 


m h 


# # j»s © 


# # # '» 


IS € 





JL{ii0 iS 


i %M (Bk . } 
f ^ 


m 


%m 

% 


♦ » 


# # 


ifc # 


at 


Hi® ateev® ®qpatioii 4® of Xlmmmr foim tf i 4»C^ t 
is plottadi sgsiost . IS. « . .i J . ld^lr « fo c^ain of 

to # a tiriiil a»<i ortor p3D5MS®^r« was sc^tisa# Tto« trlsi aisii 
oin»r pjpQwjMuirs is as fo44©«t 


■' Csl Moajsif® %l X and t tot ttoo fe«tdfe study* 

CtoJ Soii^t® ttoe values of Is «i»a ^ lo ( ^ j ^ 

Col lstimati@ s vaiso for ls« 

{0 tlie vndsses of M..J.I;:;^fel.,i,,,n « 

% 

. Col tto# sfittosatiix f inaph piper plot. io 

fsaKts as a 3&iB0iAo» of i, * ^ jc assis * 

to 

Cf) ES|>ost st«^ o, a« ® till a strai^^ lime sitoli a 
positive slc^# is oMsioedk 

yise ioiiovin@ <i^r«s®iotos for iisai; m& Kg are ototaiisoi 
fro® IS o sod IS d 

1^ mm « •* .** iS 



% 


A 

4**hs 


y 


♦ ,* •## 


IS 


tima ototaloitoi vsias of to sdiicHs iiiseasi»is tto# Sits 
4Uid ttoe sssooisted vslvits of ifitereept m sod tils slops 
n* tlio valuss of »»x sod % cm to« evslustsi*- 



■'•Stilt' 

ItL^k aJ.3. eb6^Q«<»rgft»otxa|iii <l9iiiti:i£i®r« x@N|t3.iJm 

inti ^3tgfmnlG mnGxim of aM mtbon for %Kjiil,diog up profo* 

plttM and m aiaotrou adcaptor* Xu a dauiteifiisatiou sfstam 
uliareaa organic mmtteit aar^© as a acAirc® of wiargf^ and caiten# 
ilta nitrate or nitsita mcvmm m m alaistriim aoci^vtor. tefora 
dataiiai idorii was oi^atiisad sciaa praiimlnarf studies iinars mr^ 
riad out to assist a dasigu of a:s|i#riMtits» Srparlstoittai mm* 
it® ar® given in east ton S*i* However# for oonvinianos tdi® 
findings ar# oymiarised liaioif* 

Studies siade with £<mt rnmQmvmrn ca-rl^ sources tlmt 
of rawsowagCf fiiioos®«r acetic acid and psptons to ascaztain 
thair ,®aifei3Sii4ty as organic substrate# sbowsd tbat with, 
peptone rata of dmaitri fixation was maatiisw* 

Big}orlift«nt esnductad with nitrate nitrite tsoth 
being used as eieotron acceptors# slie»i#ed that rwovai of 
nitrate and nitrite toot piace slMiitaneouaif « 

Xn aii the eoNperimSiits using nitrate as a sol® source 
of electron ae^eptor# nitrite presence was oi^aesved* iut the 
concentration of nitrite was ver^ less at an^ tiLsie being in 
the range o-lO mg/l of $i 02 -^* 

Hitrite is being well established as an itntersnediate 
in all ttMi ds^itt'iifloation section# ^bove findings the3P®fere 
show^ that denitriiier accept nitrate as well as itltrite both 
without reservation'# 

Kffliioval' of hi#» co»cwtrati€5ffls of nitii^te or nitnise 
reguiras a higph cotwotntriti^^ of hydrogen 'diwiii^inf syfestrate 





t© atliitJrl.fS' ocai^lefcelf * Eaw wast® oo»o3.1y cot very rlcli In 
SK)0 to iseet tlii® a«ana necccssitate# th® miwi ©f 

on® « 0 ui»e of iiydrogen ctonating coTbetacnfce# MaadUmira rat® of 
'€®nitri:£l,eatlon iMiing ascertain with p^pton®^ peipoti® fia® 

'liean a® tti® o^rganic source and hm h&en n®®d 

,QW% tise study* 

Majusidar (4t) in Ms study nitrification reported 
tliafe affluent fro© a nitriftcation tank oontaiiis larger p®rc«n- 
ti@e of nitrite tnan nitrate* flii® observation together «ttl» 
earlier described finding that denltrifier do not differentiate 
between nitrite and nttr^e allow the mse of nitrite as 

a source of electron acceiitor* 

Sesidim these inorganic mtrients were sni^lesmtel 'by 
adding stock solution of salts resulting in concentraticm shown 
in table 4 and tap water which was need to araiipend the bacterial 
©ass* 

4 

iHoits^ic mmim Mmxtimu 


iaits 


'!iaBj(ti^"'"ia gm/x 


m§m^ mg© 
wrnm^ mjO 
Cadg 


0*:2 

o*<^ 

0*02 


Mncig 

Fhosphate Buffer# t 


0*002 
0.0 Jit 





4,2 Itaboratory Set^^gp 

£iJll and draw system were employed to deteaaijie 
growth yield and endogenous respiration rate of denitrifiers* 
Different coneentration in four systosi of iBicro-organia® were 
©Gained hy operating these at 10, 25, 50 and 75% wasting. 

Corapletly BRtxed hatch systm has been studied to get 
more information on growth yield and endogenous respiration 
rate and also to determine the reaction kineties. 

4.2.1 Description of E^eriment 

“Ihe denitrification seed was developed from raw sewage 
hy supplying excess of nitrate. 

The fill and draw systan were employed to determine the 
grQ%ith yield and endogenous rei^i ration rate of denitrifiers. 
Different conemtration of micro-organimns in four systams were 
obtain^ by operating these at lO, 25, SO and 75 percent wasting. 
The daily schedule of feedii^ and wasting was as follows. 

The fill and draw syst«Bs were started by adding seed, 

NO 2-41 700 mg/1 and peptone approximately 24C^ «^/l as €QD «ad 
made up to 2 litre volume. A,fter 24 hours the sides of the bot- 
tles li^re cleaned of solids and make up water added to eonpensate 
for evaporation if any. After mixing than thoroughly volimie of 
mixed liquor were wasted from different bottles to obtain 
desired wasting. The substrates were than added and units were 
refilled to the initial 2 litre volume with tap water. A certain 
snexint of the mixed liquor wast<^ was centrifuged at 3000 rpm 
for 10 miraites to seperate microbial solids from the 
mixed licjuor. The mjiper^tabt was thiui analysed for NOg-®# 

1 ^ and ch«Bical ©a^en ■ demand daily. The mixed lispior 


toy drying and tli# 

eantriiuged : 

C€*»pi«t.«3.y miaced laatcSi artttdiea w&m made to dateamin® 
ttt® r«aoti.^ii iiinotics* Fai# o£ thfts® imns ifer® to mppli-^ 
mvm, tnfoi3natioii on growth' yield and etidogeiKm® rospiratioo 
rat®# ■ , ■ 

A mXwm vm omployod for coraplotely mixed hatch 
atudioa (details ^own in figure 4> « ifixing "mm cMaiaad 
hf raoirotilatit^ the nixed ligoor writh a p»|»* simples were 
drawn from mmm owtiet*. Samples tiier® analynsd m desorihed 
earlier in £Lil ai^ dnai' studies# 

4*3 Analytical te^nignaai 

4«l«l Hitrogina Patemlnafeion 

ailfanilie aeidHaapthylaaiiae hyd^iioohloride method and 
imeifie snlfanilio aeid method for determination of nitrite* 
nitrogen nod nitrate^nitrogen respeotieely was. ns«d as desori* 
had in Standard ilethodgs » Ahsorptlon meaeiironents of csolor 
were made by m.einis of spmis,wmi,e * 2©* fiie sfeawi^ard. ealihra-' 
tion curves are ohoini in figures S. end i# 

4*3#i2 Ciuasioal Oacygen hewsnd 

0:i€?!Lromato*reflux method as deseril^ in Standard Methods 
, CSd) was. used to detemine the i^amical oirygen teiand (oan) of 
the samples using id ml of 1 M didiromate* 


1 Seusdh luid iaadi Incorporated l^Mtiester# M«Myoi:h« 14@01#. 




A COLUMN (volume 2 I APP.) 
B RECIRCULATING PUMP 
C BASE 


SAMPLE WITH 
DRAWAL TABLE 


SCOURNG TUBE 


FIG. 4- COLUMN USED FOR COMPLETELY MIXED 
BATCH STUDIES 


N0TE:‘ NOT TO SCALE 


OPTICAL DENSITY 



WAVE LENGTH = 520 mn 


LIGHT PATH = I 1.6 mm 


CONG. N0o-N,Tng/l 


STANDARD CALIBRATION CURVE FOR NO 



OPTICAL DENSITY 



coNC. r.C a-N , r 


FiG- 6- STANDARD 


G ALIBRATION Cl 
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4.3«3 aampeinaed 

4101,1,^11 det«»ifi«itiott um dom hf dtfiMg 
oisiifejdl&igt®^ afe 3.00®C t& oeostaBfe 3?li# titoe'- 

r«i4ptiire€ ior dlffiUff wm& datamioad hf welgMing a saitf^la 
of «o3Ma aftejr drying it for diffareot timas* 

It iifaii found tliat after 34 hour« thara was fio ai»s^reele^Xe d 
ohaiag# in w»i<g^t« 

4*3 #4 Hyagogat loo CoiMmtratioii 

igm of tlia was datermload with th® help of 

l®jein«a ln^sjo^kssatio pH metex^* 


BeoteMo instronents Incorporation^^ 

and Frooes® XostsiiBi^t Hiwision# mileftone* 
aaiifomia t243«» . 


i « mmms m& mmjmmm 


a hi0i cjoidc^wi^ratlim 9f fiitxog<%i C700 
mi^X isSeimm) it i» ««Ms«Qtial iacmi^ng 

damnsiai im «i«o }m lti#i ia c»£sisir- 

^leetsmns iE»r 4li»iitxiti«ii[tiim« ilsRiiO.i'Sr cw 
Siom ti«tr« M0i iK^x> t^' ute^ this 4«m«iid &£. s^setssns* 
it t»t tlMKreJ^ts* mmmBBxy ts have e M#i BOo or^etle sources 
ethef tt>«h se«re 9 «» wem eoi^lutete^ to iiiid % 'aniitable 

4k>fior« wete . eo&#xete€ id.tli eK0f«iioii8 

eaiboe mmmm> that o£ wm mm^m 0 msetie «»si<l#9iu€K»se «i»4 
p^tocte* thm 4«iiitiri£ie^ios mm estshiiehiMi ieiiLi these 
3i^eist0te« lNa«iitti£i@<iti«m tste olieetvM wee »ltli 

tote he^e it was eS«:»eet m the eiee&xot 6 mmr et^bstrete* 

l?he pmmmAs^ at mmXlmg mm 

tetet to iiiii tut the hitetiet o£ ^enitfifleeticm to pmplm*^ 
meet e titieiiieatiot |>]Poees8 eo m to ioJtR e CMBaipiete method 
#£ tteatmeot of feaE^litet itdtstsf • 

iie^iiedet C4t| «er£i.ed ott m eto^ oo nitxitlciatiot 
o£ fmtiliteir i^ittet.i^ he thet effitisit imm 

titiiiitetiot tmk. eottait $d to 7c@l o£ tit^XltiMtitireiget «ti 
otif 10 to 2t^ of titrete*«tittoget of totei itooieiiigf ammotia* 

iitoe e iet^er petoec^esre of tittite thet^ tittete 
eppeair it the effitee^ tvam m tittifieetiot t«Eik iMltiite 
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l^ftn iuMm 9 m a mmree of in 

%lt4fc itm#- eo»4ii«fe«a with nitrwtw «a4 nitjclt®# 

h«4tig tiM&d thm 

t>§ isitxmt® ®ikS nitiit® took plie® sliwit®ii«KmsXf Cfi^ur® 7) • 
wmm out id.th m m 

tiottam «e^M^toxr» llh«{i atoitsifltatitt was owttiihiisliwai* th® 
pw*mm<^ of wa® also ohiHSKm^* M; msf tsimt oois**- 

is«atiiiti<m of lyitirit® mm 'Vmxt iosa# laoiag in th« xmgm 0 iO 
mg/t of iK 3*2 ' finthftxsnoir® in ail tha Sanitsifioation xn* 

antiona in aaotion t#4«| nittita ia @«rt«hiisii®S m 

m intosRia^ata* iSsam ^mwmtXmm* ttiaxafoxnMoir tlmt 
^anitjTl fiats do not diffaxantiata hmimm tta nitxmta and 
aittita and aoonptt liotli without any awigwati^* ttini«sa# tfei^t 
nsa of nitxita «ii<SKna ms a. souxoa of nitiita wiiinot affmst tha 
irwmitst 


fha tatio of nittat# or nitrita osQfimi ai>i^ii«d to 
idtaadoai m^gm danand a^piiad is of d«Msisiy« infiiswson on 
tha loMowal of nitrofan# Tha ^xaatmr tha sExoass of oitaaioal 
&ys^m da^and Wm fraetar liia 0^mmm for <»antpiata danitxifi^' 
aatlofi of aitrata or nitritatt 

' Thm wart ooiiftMitad with dlffarmst ratio 

of nitrata os^an i^liai to oiiaaiaal mt^gm daoand «ppli«d« 
rifura i aiimni tUm nitso^an raaoaai with warying ratimi* i 
ratios tiican into cpnaidxration wars 2«0# 0.91 ant and | 

mm i^aiisad liy warying peptone a^moii&tration keH^ing nitrota 
nitrogno ennoatni,rati(Oii aonstant at mg/l* \ 
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1% i» fxoBft tli« figure ttmt tli« ratio (fasd 

oi£^<^ to aopliodl^ approidy»atoij .SSS mmlt’eA 
, in eompioto dmitriftieotiot io 24 iioast^r tntssmam. in %li# 
ratio resultod 10 ioooetpictto aooitriflcsatloo* 

(Hiooocsfti a*»a Sciiroopfet tlD io tl*®ir «tEi% of doot- 
trlflootloo ripojct®4 tlist tSi® ratio of iacomiog oieg^eo ro- 
oooreos to 5 dajf S©9 i» t!so raw 'Waifto of approsdoatoiy 9,8 
rtwnaltii in oaotplate aenitrlfioatioii of tho waote* fie also 
o&serreS that ap iooroaso it ttio ratio recMtlts is iiiemdlete 
4«nttrlflcatloii. HaltriiSi.. i$3> it his scu4y r^ortea this 
lixait to he het%N»«e «6 to *7* 


She ratio drained in the preBeht stody. ih tereas of 
fiitrat® « 58 cyf eo to lOO , applied rathor than ©0© allied will he 
slightlf' hlgiier tMm *i88« 

JBdBg«3ttg, iffiipinfeian 

fcmr fill aad 'draw were operated at 10^« 2^ 

$c^ mS. t!^ of wastlhf* the iffier^at peroeot waatinge vmm 
aihapted to %mm diffexreot eoooeotratlohs of itdoro-K^rgaoiees 
la the fimr lysteee* The «ahserwatiOiis t^eo are shoiei ia 
iigoies 9 toiz«- 

It tmm the figures that eroept h3S4 waste 

systee all other hare attatoed steely state ooodltJMm, The 
iis^trease in the sospc^hied esllds is still oemtisued it the 
icil wMte systee* This would hare also r^i^ehed the 
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liadi been for foi«r mom 

flio oshI of food c^ol.# tho sfaad^ rtabo iraluoo of 
io tbo 3$%* «iad ?£% waabiiig afatan m%Y 
lm %^eii m ^pioxinatoisr I 3 i 04 > 6Q0 and 5ciD' mg/I roii^siacIti^alF* 
Oit laef of o^orafioo piop^mcled aollda. eKmo«atratloa in 
tbo t<M mat# sfstam aftalaod a iraloo of 3i50 

Thm r&bio of olbritKi o^m^^ fw> OC^ ay^Iioil in fho 
food wm maintained approrlaiatelf as 0 *^$ to adblaira cmoM* 
plate d^ltrificatioti* $0 to %0&A damitriiloatdoii eaa c^aerv^ad 
in tlio roiotor pmosmt reeiroiXation leore tban so^* 
i^oraaa ^^roximateiir dimnitnfioation ramnitad in tlio 
raafstor writli 2M rcHSixoaiation* l^<o m&mm for immolate 
d<^trl.iicatioii may bo attrilaitad to tbo f aOt tbat miinn»* 
orgfi^iina in tbia .raaotor am in aotiyitily gsoulnf atato Chi#i 
food to iidoio«<o3^'aiiiam ratio) and tboraforo tliiy man mom of 
to bnlld «p tli« protoplamn ratlior tban to mm it for 
rasipiration* 

tlia pH raimaa in all tlia ii^tama remaia almoat 
oonatant b^ti^aen tbe f «S to lO*!* 

Uimm dorian one food eyole tbe mixed liqpor in 
tile rariona i^atema waa not atirred tm mna of oo^letely 
mimd bateii atndlea were alao eondaoted to aoppleiwmt tbe 
infowaatioii on f rowtli ifield and endagenotta reis>iRation eona* 
tanta* itiie oINterraticnia are ahcnin in tiible §• 
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In order to deteiaS.iie the growth yield constants 
a^d ^2 and endogenesis respiration constants aod 
Keg# 'the ®ai>strates nitrite and peptone respectively. 

The data obtained £zc»q fill and draw studies is reduced 
for straight line fons as in ecpiations 5 and 6. Figures 
13 and 14 show the plots of the data in straight line foms. 
Least scjuare method of analysis was adopts to obtain the 
liB. Of bett at. The vaoes of obtained for 

^2* ^m2 0.748 mg/mg 8^2“^' 0.348 mg/mg CX>D and 

O.1Q0 day'*^, ^d 0.108 day* ^ respectively. 

The rate of endog^&ous respiration constats obtained 
are O.IOS and 0.106 per day for nitrite and p^tone substrate 
respectively, fl^se values are aijnost e<^ai as expected. 

Since the same organisms are using nitrite and peptone. 

In the aerobic biological system 4^e endogencxis res-> 
piration rat® ranges normally between 5 to 1554 of biomass per 
day CSl) .In the present sfstmt the average value for endb* 
genous rei^iration rate is 0.107 day*^ ^diich in terms of 
percentage comes to be 10.7^ of bii^ass per day aiKi is spite 
comparable with the values of aerobic systems. 

Yield constant when protenious material is aerobically 
utllisi^ will be near abemt 0.45 of COD (52) • In the 

present system the yield constant comes out to be 0.346 
Q3D which may be considered, guite comparable. The above obser- 
vations therefore ^ow that denitrification system is 
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sindLlar to aerobic systa® io whidb boaod oxygeis ®ibsfcitutes 
oxygen. 

If endogenous respiration rate prtoceeds at high rate 
(8 to IC^ or aaxsireJ the cell can oreidize their oiim protoplasm 
rapidly, iuito-oxidation at the rate of 1036 biomass per day is 
sufficiently high to att«^t a total oxidation unit in i^ch 
endogeiMxis resers^e materials may serve as an electron donor 
untill all nitrate or nitrite ions are reduced. Sucdi a systom 
^ould conserve m. organic smrce if the synthesized material 
is utilized for donating el^stronics* 

Frcan synthesis ecpations a ccx^arison between oxygen 
requirement for respiration and oxidation of peptone aad oxygen 
released by nitrite can be obtained according to the following 
exa®^le* 

bet Sx » 800 aag/1 

*aw " mg/l 

Substitutii^ in equatitm 5 and a^pting 0.348 and 0.107 for 
'^2 aiKi he respectively. 

¥otal synthesis • x 4 31 ^ 

• 225 4 54 « 2f9 isg/i 

assuisijpg COO, of suspei^ed solids eqaal to^ 1*42 ssg/tag tSl) 

GOD of synthesized material » 219 x 1*42 * 410 w^/l 
Therefore oagrgen consumed in respiration of 
COD fed » 800 » 410 » 3fO mg/l 

Oxygaa re<yilr€aaent for sludge 
oxidation * 1*42 x*i07 x 500 


76.S «g/l 




fliejcefor® tiAal raqaijcmeot 

* 3§0 + ?6,6 » 466*€ »g/l 
Hov for -the saise ittcrease of sticrO'-ozg^ijms 
©it:ral:e oifroge© ^11 be give© by 

r.x • Sj - kg atg,^ 

©c 

225 » .748 -iSx - 0*i07 x 500 
^2 * 

«any workers bave show© that, io process of detiltri- 
flcabloR a significanb aBKxmf of ai-fcrate or nitrite is lost 
as gas. gas proportion is reported to be between 
the range 40 to lO^ of total affionnt denitrified depending 
upon organises, pH# T^anp and other environmental factors 
C53> (54) • On this basis assuming that an equal pro]p>rtion 
of N 2 and gas is formed# the following equation can be 
written 

4HI502 + 2H » Hat »20 t 40 4* 3 H 2 O 
i.e. 56 mg of HO 2 "^ will give 64 ag of oxygen. 

Therefore 373 m^l of iiO^ will give 

« 420 B^/1 of oxygen 

This value is iligtitly lower than the compat«i oaqfgen 
requirement. Thts discrepency csould be dtoe to OOO of cells 
being different thann tfdsat assumed# the prcportion of 
formed being higher than ^ 2 # or eaqperiraeittal errors* 

5.3 Kinetics of Substrate Rasoval 

Continuously mexed batch reactor studies were conducted 
to obtain kinetics of denitrification reaction, in order to 



evaluate the value of pjpodtact of gro%rth rate constants#;: • iiW 3 C|_ 
and ■ iiia3K2 and ©atiaratton constants ksj and ksg for nitrite 
and peptone respectively# it is assuined that reaction rat® 
becomes independwat of the awbstrate taken into excess# Key- 
ing the nitrite concentration cKsnstant the rate of removal of 
nitrite %iiil go on increasing with the increase In the p^tone 
■concentration and vice versa* thereafter a limit will reach 
further increase will not show m Increase in the rate 
of ronoval* .Irperiments were con&icted to ascertain the vali- 
dity of these asswptiona and to find the substrate concentra- 
tions %^®n the rsarooval rates became independent of one of the 
substrate* 

ExperiiRents were rjondneted with increasing concentration 
of peptone# keying the initial concentration of nitrite constant 
at approxtBiately €75 m§/l as hog"*®* re«ilto of experissent are 
shown in figure 14* ftie inset shows the initial cate of denit rifi- 
catic«a at different GOO concentrations* It is seen that the llmit- 
tng concentration , of peptone is 4050 iwg/1 of beyond which 

there is no increase in rmoval rate with increase in the peptone 
concsent ration ♦ 

Similar eaq^eriments were conducted with increasing conossn- 
tration of nitrite keeping peptone concentration constant at appro- 
aciniately ®20 mg/l of csob. The results of the ejigseriiswmt are shown 
in Figure 15* The rate of rmoval of p^totie decreased instead of 
iiNsreasifig with the increase in nitrite concentration# inset 
figure l€# Decrease in rate of r«iioval may be becmise of the pois- 
iontng of the system with higher concentration of nitrite. Initial 
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^mtm in th® nel^t^boitshood of 250 - 3CK) mg/X th®o it ata^t© 
doeraaaliif * 


The ■&memmt%mm. d^iti^fleatioc fer the ©iine eipe'idlL* 
ments is sho^ in £i 9 uz:e 17 anti iS» It is s*«i that aasount 
dienitrifietl in the first 5 hoors for ail the systems is the 
sime. The COO rmoval duirii^ this period is less yheii the 
initial Goncentration of nitrite is high* This &m he esplained 
if it is assneted that to poisionit^^ of the systSiMi utith 
initially high ooncentratiofi of lister synthesis of eelin* 
lar Biass is taking plane* 0€%iit£ifieation rate &»r systems 
having 480 and 500 iag/1 OQO falis later prohahly t^eimtse these 
system lie in the range ehen ^2 e<»ioentration iiioits rate 
of denltrifiestism* inset figure IS* 

A plot ma-rie heti^en mg COO €»>ninisie4ARg oonmnBed 

and Initial nitrite concentration ifi^m 19) shovs that mg COO 
i^nsiuneil/iitg i^2>4l consumed decreases with higher initial nitrite 
eoncentraticm* The decrease may be because of poisioning of the 
systems with higher concentration of nitrite. 


Above observation therefore show that fciodel disoiss^i 
earlier for single substrate do . not apply to the present system 
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!T1AL NITRITE CONCENTRATION 
^ 1550 mg / 1 NO 2 -N 
i 850 mg/ I NO 2 -N 
O 52 5 mg /I N 02 “N 
A 490 mg / I N02~f^ ^ 





6. aDH€3#yigXOIiS 

oa the findings of this ©tady oo desitxlflcat- 
loss as^ployi^m fllX and dwmw and oontinuousiy mise^ hatcti 
stadias follo'^ing t^neiuslons may he drawn. 

Im Waste enojonoasly n«di in H 03 or K 02 eonoentration way 
success fully he treat«^ hy weans of hioigteal denitri- 
fication treafciBent to casaplete denitrification proirided 
sufficient amount of hydrogen donatl^ iuhatrate is pre- 
sent, fher^y treatiwnt of Fertiliser waste iKsnsisting 
hi«^ coneentiation of nitrate and nitrite is possihle 
by weans of biological, nitrification denitrification*. 

2 , Eatio of incc*Ring oxygen sources to c »0 applied o.t^d 
approximately r«su.its in coH®>lete denitrification. 

3. Oenitrl tiers ace^t EO 3 nitrate and nitrite hjsth as, 
electron acceptor without differentiation. 

4, !fh® values of the yield constants obtained for nitrite 

and peptone substrate are 0.748 wg/%ig and 0.348 

wg/a^ CCD respectively. 

5. Thm value of endogenous respiration constant for deni- : 
trlficatioB systsn obfeatned is 0.107 day**^. 

8 . The tinetlc erpreesion for the removal of single ; 

substrate used by Monod (48) does not apply to deni- 
trification system consisting two substrates as one of 
the subst.rate (nitrite) in hi#i concentration has inhi-i 
bitory effect on the system. ; 
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